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CLAIMS 




1 . An ink consumption condition detection method for 
detecting an ink consumption condition in an ink container 
loaded in an ink jet recording apparatus having a recording 
head for jetting ink drops, wherein said ink consumption 
condition in said ink V:ontainer is detected using a 
piezo-electric device havinsg a piezo-electric element during 
a non-recording state of Sc^.d recording head. 

2 . An ink consumption condition detection method 
according to claim 1, wherein said ink consumption condition 
in said ink container is detected using saidr piezo-electric 
device during a maintenance operation |or cleaning said 
recording head. 

3 . An ink consumption condition detection method 
according to claim 1, wherein said inljf consumption condition 
in said ink container is detected u/ing said piezo-electric 
device during an operation for feeding or ejecting a recording 
medium , to which ink is jetted £rom said recording head, to 
or from said recording apparatais . 

4 . An ink consumption/ condition detection method 
according to claim 1/ whereinsaid ink consumption condition 
in said ink container is detected using said piezo-electric 
device when power of said/recording apparatus is turned on. 

5. An ink consumption condition detection method 
according to claim 1, wherein said ink consumption condition 
in said ink containei/ is detected using said piezo-electric 
device during a peripd from turning said recording apparatus 
off to a stop of s4id recording apparatus. 

6. An ink /consumption condition detection method 
according to claim 1, wherein said ink container is an ink 
cartridge loadpd on a carriage for moving said recording head 
back and fortt/in a removable state, and said ink consumption 
condition iA said ink cartridge is detected using said 
piezo-elec/ric device during a period in which said carriage 
is stoppe 

7 . /An ink consumption condition detection method 
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according to claim 6, wherein said ink consumption conditioi 
in said ink cartridge is detected using said piezo-electj 
device after a predetermined time lapses from the begiryfang 
of a stop state of said carriage. 

8. An ink consumption condition detectionXmethod 
according to claim 1, wherein said piezo-electrJfc device 
detects changes in acoustic impedance, thereby detects said 
ink consumption condition in said ink contaii 

9 . An ink consumption condition detection method 
according to claim 1, wherein said piezo-electric element 
of said piezo-electric device has a vibration part, and said 
piezo-electric device detects changes/ in said acoustic 
impedance on the basis of counter ^electromotive force 
generated by residual vibration remaining in said vibration 
part, thereby detects said ink consumption condition in said 
ink container. 

10. An ink consumption condition detection method 
according to claim 1, further comprising the steps of: 

storing information of said ink consumption condition 
in said ink container detected! by said piezo-electric device 
in a storage unit mounted oti said ink container, 

reading said information of said ink consumption 
condition stored in said/storage unit, and 

judging whether a ^etection of said ink consumption 
condition in said ink container should be executed or not 
on the basis of said re^d information of said ink consumption 
condition. / 

11. An ink consumption condition detection method 
according to claiir/l, wherein said ink container is an ink 
cartridge loaded on a carriage for moving said recording head 
back and forth in a removable state, 

said method comprising: 

a consumption condition detection step of detecting, in 
a non-record4ng state of said recording head, said ink 
consumption/ condition in said ink cartridge by said 
piezo-electric device, and 

a reconfirming step of redetecting said ink consumption 
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condition in said ink cartridge by sa^d^piezo-electric device 
after detection of absence ofiffk in said ink cartridge by 
said consumption conditio^detection step. 

12. An ink consumption condition detection method 
according to claiiir 11, wherein said reconfirmation step 
comprises: 

a carr^dge moving step of moving said carriage after 
absence j&t ink in said ink cartridge is detected by said 
consumption condition detection step, and 

consumption condition redetection step of redetecting 
tid ink consumption condition in said ink cartridge in a 
predetermined timing. 



An ink consumption condition detection method 
accordiftq; to claim 12 , wherein said carriage moving step moves 
said carriage at a faster speed than a speed for moving said 
carriage durihg a recording operation. 

14. An inkSconsumption condition detection method 
according to claim r^, wherein a shock is given to said ink 
cartridge during moving^aid carriage by said carriage moving 
step. 

15. An ink consumption, condition detection method 
according to claim 12 , wherein^aid consumption condition 
redetection step is executed when a predetermined time passes 
after said carriage moving step endsS 

16 . An ink consumption condition\detection method 
according to claim 12 , wherein said consumption condition 
redetection step is executed during moving saids^arriage by 
said ca rriage making — 



17. An ink consumption condition detection method 
according to claim^l6, wherein said carriage moving step moves 
said carriage b^fck and forth, and, when said carriage almost 
returns and moves from a forward path to a backward path, 
said consumption condition redetection step redetects said 
ink consurtfption condition. 

18. / An ink consumption condition detection method 
according to claim 1 6 , wherein said carriage moving step moves 
said crarriage back and forth, and, immediately after said 



99 



carriage en03^moving on a forward path and starts moving on 
a backwa^apath, said consumption condition redetection step 
redet^cts said ink consumption condition. 

An ink c consumption condition detection method 
according to claim 12\wherein said reconfirmation step is 
executed several times charing moving said carriage by said 
carriage moving step, andVresence or absence of ink in said 
ink cartridge is decided oi^:he bagds of detection results 
of said reconfi rmation stfips\ 



20. An ink consumption condition detection method 
according to claim 19, wherein/' said reconfirmation step is 
executed several times, and, jmen presence of ink is detected 
in said consumption condition redetection step more than a 
predetermined count, it jf& decided that ink exists in said 
ink cartridge, 

21. An ink consumption condition detection method 
according to claim \y, wherein said reconfirmation step is 
executed several ti^mes, and presence or absence of ink in 
said ink cartridge^ is decided on the basis of a mean value 
of measured results of said consumption condition redetection 
steps , 

(k consumption condition detection method 
Laim 1, wherein measuring timing of said ink 
Condition is controlled on the basis of an 
fetory of said ink jet recording apparatus, 
ink consumption condition detection method 
claim 22, wherein a measuring frequency is 
increased |according to cumulation of operations of said ink 
jet recording apparatus. 

24. /An ink consumption condition detection method 
according to claim 23, wherein said cumulation of operations 
is a cumulative driving time of a carriage on which said 
recording head is loaded. 

25 4 An ink consumption condition detection method 
according to claim 22, wherein a measurement of said ink 
consumption condition is executed immediately when said 
measuring timing of said ink consumption condition comes 



22 . An 
according to 
consumption 
operation h:j 

23. A; 
according /jto 
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after a predetermined time elapses from a point of time whenr 
a carriage on which said recording head is loaded moves las^t . 

26. An ink consumption condition detection method 
according to claim 22, wherein, when said measuring Riming 
of said ink consumption condition comes before a 
predetermined time elapses from a point of tisfe when a 
carriage on which said recording head is loadedymoves last, 
measurement is executed immediately after said ^^redetermined 
time elapses. / 

27. An ink consumption condition detection method 
according to claim 22, wherein, when said measuring timing 
of said ink consumption condition comes alter a predetermined 
time elapses from a point of time when a carriage on which 
said recording head is loaded moves last, a measuring interval 
is shortened . / 

28. An ink consumption condition detection method 
according to claim 22, wherein/ when said measuring timing 
of said ink consumption ^condition comes before a 
predetermined time elapses /from a point of time when a 
carriage on which said recording head is loaded moves last, 
a measuring interval is increased. 

29. An ink consumption condition detection method 
according to claim 23, ^wherein said cumulation of operations 
is a cumulative driving time of said recording head. 

30. An ink consumption condition detection method 
according to claim/23, wherein said cumulation of operations 
is a measuring cdunt of said ink consumption condition. 

31. An ink consumption condition detection method 
according to claim 22, wherein a history memory installed 
in said Inkjet recording apparatus or said ink container 
stores at least one of a cumulative time of operations of 
said ink jjzt recording apparatus and a cumulative measuring 
count. 

32. / An ink consumption condition detection method 
according to claim 31, wherein said history memory further 
stores past measurement histories using said piezo-electric 
device. 
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33. An ink consumption condition detection method 
according to claim 1, wherein said piezo-electric device has 
a vibration part including said piezo-electric element, and 

wherein said piezo-electric device measures a periodic 
peak value of a waveform of counter electromotive force 
generated by residual vibration remaining in said vibration 
part by a predetermined number of said periodic peak values 
from a predetermined point of time, and said piezo-electric 
device measures more number of said periodic peak values than 
said predetermined number on said periodic peak values in 
subsequent detection of said M consumption condition, and 
thereby detects said ink consumption condition . . 

34. An ink consumption condition detection method 
according to claim 33, wherein said periodic peak valuer of 
said waveform of counter electromotive force is measured by 
increasing said predetermined number of values f^om said 
predetermined point of time in accordance with ><uicreasing 
of a detection count of said ink consumption/condition in 
the ink container, and thereby said ink consignation condition 
is detected. 

35. An ink consumption condition detection method 
according to claim 33, wherein said ink jet recording 
apparatus or said ink container ifas a storage memory, and 
said storage memory stores a measurement history of said ink 
consumption condition of sain piezo-electric device. 

36. An ink consumptaon condition detection method 
according to claim 1, wherein said ink container is an ink 
cartridge loaded on said ink jet recording apparatus in a 
removal state. 

37. An ink /consumption condition detection method 
according to cZaim 1, further comprising a consumption 
condition calculation process of calculating said ink 
consumption/condition in said ink container by calculating 
said ink consumption used in said ink jet recording apparatus , 
and 

whferein said piezo-electric device detects whether an 
ink ,j!evel in said ink container passes a measuring position 
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level which is an installation position of said piezo- 
electric element and thereby detects said ink consumption^ 
condition, and / 
wherein said consumption condition calculation proa^ss 
monitors said ink consumption condition in said ink container , 
and, when it is judged by said consumption condition 
calculation process that said ink level in said ink Container 
approaches said measuring position level, san_d piezo- 
electric device detects said ink consumption ycondition in 
said ink container • / 

38. An ink consumption condition detection method 
according to claim 37, wherein said ink 2:evel in said ink 
container is detected based on either ar calculated result 
information of said ink consumption condition in said ink 
container calculated by said consumption condition 
calculation process or a measured result information of said 
ink consumption condition in said Znk container measured by 
said piezo-electric device. / 

39. An ink consumption ^condition detection method 
according to claim 38 , whereiri, when an ink residue on said 
ink level reaches a predetermined ink residue, said ink jet 
recording apparatus performs a peripheral operation in 
accordance with said ink/residue . 

40. An ink consumption condition detection method 
according to claim 39, wherein said predetermined ink residue 
is an ink residue set/as ink end, and, when said ink end is 
detected, said ink /et recording apparatus performs a low 
ink processing operation. 

41. An ink /consumption condition detection method 
according to claiin 37, wherein said ink consumption condition 
is not measured' by said piezo-electric device until said ink 
residue calcinated by said consumption condition calculation 
process reaories an amount in a neighborhood of said measuring 
position Level. 

42. / An ink consumption condition detection method 
according to claim 37, wherein a measuring frequency of said 
ink consumption condition by said piezo-electric device is 
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lowered until said ink residue calculated by said consumption 
condition calculation process reaches an amount in a 
neighborhood of said measuring position level. / 

43. An ink consumption condition detect/on method 
according to claim 37, wherein a measuring frequency of said 
ink consumption condition by said piezo-electric device is 
increased after said ink residue calculated by said 
consumption condition calculation process/reaches an amount 
in a neighborhood of said measuring portion level. 

44. An ink consumption condition detection method 
according to claim 1, further comprising a consumption 
condition calculation process off calculating said ink 
consumption condition in said in)? container by calculating 
said ink consumption used in saidylnk jet recording apparatus , 
and 

wherein said consumption^ condition calculation process 
and said detection process jbf said ink consumption condition 
by said piezo-electric device are used together, and 

wherein said piezoelectric device detects whether an 
ink level in said ink ^container passes a measuring position 
level which is an installation position of said piezo- 
electric element Jbr not, and thereby detects said ink 
consumption condition, and 

wherein, afcer detecting by said piezo-electric device 
that said ink/level passes said measuring position level, 
ink end or no/end is decided based on an average of a plurality 
of measuroa results of said ink consumption condition 
measured Jby said piezo-electric device. 

45. / An ink consumption condition detection method 
according to claim 44, wherein a measuring frequency of said 
piezo/electric device is lowered until first passing of said 
ink /evel through said measuring position level is measured 
by ^aid piezo-electric device. - 



46. An ink jet recording apparatus comprising: 

a recording head oA jetting ink drops; 

an ink cartridge of feeding ink to said recording head; 

a piezo-electric device of detecting an ink consumption 
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condition in said i^k cartridge; and 

a control unit of controlling said piezo-electric device 
so as to detect said injc consumption condition when said 
^i^rax ^j -n q^i ^ ^ a fcata* = 

47. An ink jet rec^rd^g apparatus according to claim 
4 6 , wherein said pie^o-electric device detects changes in 
acoustic impedance/^ thereby detects said ink consumption 
condition in saija ink container. 

48. An iny jet recording apparatus according to claim 
47, wherein ssftLd piezo-electric device has a vibration part 
including a/piezo-electric element, and 

wherejm said piezo-electric device detects changes in 
said acoustic impedance on the basis of counter electromotive 
force generated by residual vibration remaining in said 
vibratfion part, thereby detects said ink consumption 
condition in said ink container. 



49. An ink jet\recording apparatus according to claim 
46, further comprising a storage unit of storing said ink 
consumption conditionYn said ink cartridge which is detected 
bv said p^zo-electr ic\devic.e^ - =- . _ _ — _ 




50-^An ink jet recording apparatus according to claim 
4 9,^tfmerein said storage unit is mounted on said ink 
cartridge. 

51. An ink jet recording apparatus according to claim 
46, wherein said piezo-eHrectric device has a piezo-electric 
element mounted on said\ink cartridge. 

52. An ink -wet recording apparatus according to claim 
46, further comprising a carriage moving with said recording 
head and said^ank cartridge both of which are loaded on said 
carriage, 

whereifi said control unit controls said piezo-electric 
device sof as to redetect said ink consumption condition in 
said inkf cartridge after said piezo-electric device detects 
absence of ink in said ink cartridge when said recording head 
is in/a non-recording state. 

>3. An ink jet recording apparatus according to claim 
52, /wherein said control unit moves said carriage after 
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detection of/absence of ink in said ink cartridge by said 
piezo-elegtric device and controls said piezo-electric 
devicey^o as to redetect said ink consumption condition in 

said Ank cartridge in predetermined timing. 

54. An ink jet recording apparatus according to claim 
53 , further comprising a\hock unit of giving a shock to said 
ink cartridge during mov^ent of said carriage. 




